of the diffraction peaks shows a striking broadening which develops close to T"consistent with recent theoretical predictions for this type of transition.
PACS numbers: 63.75.+z, 61.12.Gz, 64 .70.Dv
The solid-liquid transition is generally thought to occur at a divergence of the mean-squared atomic displacements, which leads to a loss of the long-range and shortrange order. Theoretical studies have shown that a similar divergence of the mean-squared atomic displacements will also occur at a ferroelastic phase transition, where there is a softening of the transverse acoustic modes over whole planes of wave vectors, the so-called rn = 2 ferroelastic phase transition [1, 2] . However, in contrast to conventional melting, long-range order is reestablished on cooling below T, by a process of continuous recrystallization, and the short-range order is preserved. The transition state at T, can be said to be "moltenlike, " although the atomic displacements diverge only along one crystallographic direction, namely, that normal to the critical plane of the soft acoustic modes. Since this phenomenon possesses obvious similarities to the solid-liquid transition, we refer to it here as "lattice melting. " Most ferroelastic materials have acoustic-mode softening only along critical directions in reciprocal space (they are therefore known as m = 1), and there is a conspicuous absence of crystals reported as having continuous m = 2 ferroelastic phase transitions [1, 3] The sample used in these experiments was high-purity anhydrous Na2CO3 which was obtained commercially as a powder. Neutron powder difI'raction data were obtained using the high resolution powder diffractometer HRPD at the ISIS spallation neutron source (Rutherford Appleton Laboratory, U. K. ) and the C2 DUALSPEC difI'ractometer at the N. R.U. reactor at Chalk River Laboratories (AECL Research, Canada). In the absence of any additional broadening, the width of a powder Bragg peak is controlled by two factors: the instrumental resolution and sample properties such as particle size and internal strains. These were all accounted for by determining an overall Rietveld-type resolution function for the experiment using Na2CO3 spectra with very sharp peaks measured several hundred degrees away from T,.
Full structure refinements from these data will be presented elsewhere [8] . The effect of lattice melting is apparent in Fig. 1 . This figure shows three spectra around the hexagonal (2 0 2) peaks at temperatures above, just below, and well below T,. In the middle spectrum, the diffraction peaks are highly broadened and are non-Gaussian in profile. Well above and below T, they are significantly sharper (and are resolution-limited), which shows the subsequent recrystallization of the lattice after the transition has been passed. We will show below that there are two components to these peaks, a sharp Bragg component with a width that is determined by the resolution of the experiment, and a broad peak of diffuse scattering that is centered on the position of the Bragg peak. On approaching T, the diffuse scattering component grows at the expense of the Bragg component. Numerous overlapping peaks occur in the monoclinic phase (especially close to T, ), and hence the line shape analysis presented in this Letter was largely performed on data obtained from the hexagonal phase.
The lattice melting shown by these data is very similar to the observations of Loidl, Knorr, Rowe, and McIntyre [9] for (KBr)p35(KCN)pps. In this case the diffraction peaks at temperatures close to the cubic-torhombohedral transition were found to be dominated by the broad peaks of diffuse scattering, which could be accurately described with an exponential line shape [10] . Owing For each peak K was determined close to T"and then left fixed in the analysis of the scattering at higher temperatures. The fits for all of the analyzed peaks were extremely good.
Results of the fitting procedure are shown in Fig. 2 for the (1 0 1), (202), and (3 1 2) peaks at 756 K, which is one degree above T,. At this temperature, no Bragg contribution was observable, and the fitted curve solely represents the exponential profile convoluted with the resolution function, above the background. The (1 0 1) and (31 2) peaks have the minimum and maximum values of the scattering vector Q which were analyzed. The widths of the three peaks shown in Fig. 2 are dependent on the resolution function and the changing effect of the powder average on the diffuse scattering component.
To illustrate the analysis procedure, in Fig. 3 we show the evolution of the scattered intensities above T, for the (2 0 2) the (101), (202) , and (103) peaks are shown in Fig.   4 . The Bragg intensity for each analyzed peak falls to zero approaching T, from above, while the intensity of the diffuse scattering component reaches its maximum at this point. Thus the total intensity associated with each Bragg peak remains approximately constant with temperature, even though the process which occurs is in effect that of a delta function being replaced by a broad peak. At 756 K, which is the closest temperature to T, that could be analyzed, the data were 6tted extremely well in all cases with just the exponential component (convoluted with the resolution function), as can be seen in Fig. 2 . Inclusion of the Bragg component into the fitting procedure for this temperature always led to its having negligible intensity. This was found to be the case for all of the seven peaks that; were analyzed. Hence, the Bragg intensity at this temperature must be extremely small or zero, indicating that within the resolution of the experiment the mean-squared atomic displacements diverge completely, and long-range order is absent in the critical planes. This effect signals the occurrence of complete lattice melting, which contrasts with the experimental observations of the mixed cyanides, where a small but significant Bragg component is always present at T, (9] . Hence, the ferroelastic phase transition in Na2COs is the first example of ideal lattice melting. Because of the comparatively small number of overlapping peaks below T, around the hexagonal (101) The theoretical analysis of Mayer and Cowley [5] leads to the prediction that the width of the difFuse scattering peak at T, (in this case the width of the difFuse scattering component in the a'-b* plane, I') should, to a rough approximation, be proportional to Q2. We show that this appears to be the case for NaqC03 in Fig. 5 Mayer and Cowley [5] concerning the exact form of the scattering line profiles from this state, but we have shown that the dependence on temperature and scattering vector follows the expected theoretical predictions at least qualitatively.
We anticipate that further study of this system will reveal a great deal about this intriguing and evidently very rare universality class.
